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The options problem

1. Defining options

2. Setting options

3. Accessing options from the code
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Defining the options file

The options file is written in an xml language called flml
(Fluidity Markup Language). xml (extensible markup
language) is:

1. plain text

2. machine parseable

3. internationally standard

4. markup!
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A brief xml example

<t imestepp ing>

<cur ren t_ t ime rep laces="ACCTIM">

< rea l_va lue rank=" 0 ">0< / rea l_va lue >

< / cu r ren t_ t ime >

< f i n i s h _ t i m e rep laces="LTIME">

< rea l_va lue rank=" 0 ">6.2831853071795862< / rea l_va lue >

<comment>2 ∗ p i ( i e one r o t a t i o n o f the f l u i d )< / comment>

< / f i n i s h _ t i m e >

<t imestep rep laces="DT">

< rea l_va lue rank=" 0 ">0.12566370614359174< / rea l_va lue>

<comment>2 ∗ p i /50 (50 steps per r e v o l u t i o n ) < / comment>

< / t imestep>

< / t imestepp ing>
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Definition chain

project.xml fluidity options file

fluidity_options.rng flml xml schema

fluidity_options.rnc flml compact schema

Relax NG schema language

defines language

automagic conversion with trang

defines language
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A compact schema fragment.
## Options dealing with time discretisation

element timestepping {

## Current simulation time. At the start of the simulation this

## is the start time.

element current_time {

attribute replaces {"ACCTIM"},

real

},

## Simulation time at which the simulation should end.

element finish_time {

attribute replaces {"LTIME"},

real

},

## The time step size. If adaptive time stepping is used

## then this is the initial time step size.

## Manual suggests 0.1

element timestep {

attribute replaces {"DT"},

real

},
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The corresponding xml schema
<element name=" t imestepp ing ">

<a : documentation >Options dea l ing wi th t ime d i s c r e t i s a t i o n </a : documentation >

<element name=" cur ren t_ t ime ">

<a : documentation >Current s i m u l a t i o n t ime . At the s t a r t o f the s i m u l a t i o n

i s the s t a r t t ime . < / a : documentation >

< a t t r i b u t e name=" rep laces ">

<value >ACCTIM</ value >

</ a t t r i b u t e >

< r e f name=" r e a l " / >

</ element>

<element name=" f i n i s h _ t i m e ">

<a : documentation >S imu la t ion t ime a t which the s i m u l a t i o n should end . < / a : d

< a t t r i b u t e name=" rep laces ">

<value >LTIME</ value >

</ a t t r i b u t e >

< r e f name=" r e a l " / >

</ element>

... and the timestep doesn’t even fit on the page.
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Diamond: the automatic GUI
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XML output (reminder)

<t imestepp ing>

<cur ren t_ t ime rep laces="ACCTIM">

< rea l_va lue rank=" 0 ">0< / rea l_va lue >

< / cu r ren t_ t ime >

< f i n i s h _ t i m e rep laces="LTIME">

< rea l_va lue rank=" 0 ">6.2831853071795862< / rea l_va lue >

<comment>2 ∗ p i ( i e one r o t a t i o n o f the f l u i d )< / comment>

< / f i n i s h _ t i m e >

<t imestep rep laces="DT">

< rea l_va lue rank=" 0 ">0.12566370614359174< / rea l_va lue>

<comment>2 ∗ p i /50 (50 steps per r e v o l u t i o n ) < / comment>

< / t imestep>

< / t imestepp ing>
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Accessing options in fluidity

Fluidity (recent versions: svn up is your friend!) can be told to read

an xml input file with the --xml option:

> d f l u i d i t y −−xml cd isk . xml

This causes the xml to be read into a dictionary which can be

accessed from anywhere in the code:

c a l l get_op t ion ( " / t imestepp ing / t imestep " , d t )
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The dictionary interface

module op t ions

subroutine ge t_op t ion ( key , opt ion , stat , defau l t )

! ! < Return the value o f the op t ion given by key

character ( len =∗ ) , i n ten t ( in ) : : key

real , dimension ( : ) , i n ten t ( out ) : : op t ion

<TYPE> , i n ten t ( out ) , opt ional : : s ta t

real , i n ten t ( in ) , opt ional : : defau l t

funct ion have_option ( key )

! ! < Test f o r the presence o f the op t ion given by key .

l og i ca l : : have_option

character ( len =∗ ) , i n ten t ( in ) : : key
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Options and fields

Many options are associated with the solution of particular fields. These options are
repeated for each (appropriate) field in the tree:

There are other repeated options repeated in a similar manner.
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Accessing Fields

New field data types carry their options path with them:

c a l l ge t_op t ion ( t r i m (T%opt ion_path ) / / &

&" / p rognos t i c / t e m p o r a l _ d i s c r e t i s a t i o n / the ta " , the ta )

Back in old fluidity land, you can look up the path from the field
index in T:

i f ( have_option ( t r i m ( f i e l d _ o p t i o n p a t h _ l i s t ( i t ) ) / /

& " / p rognos t i c / s p a t i a l _ d i s c r e t i s a t i o n / d i scon t i nuous_ga le rk in " ) ) then

! Solve the DG form of the equat ions .
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Populate state

A further task which used to be performed by Gem was the
population of initial and boundary values. This is now
performed by populate_state.
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Species of field

prognostic fields Anything we solve a PDE for. Eg Velocity,
Temperature, Pressure...

diagnostic fields Calculated during execution by the model
based on the system state. Eg. CFL Number

prescribed fields Fields whose value comes from outside the
model eg. climatology data or a prescribed function.

aliased fields Like a symlink to another field. Used, for
example, when the same field appears in more than
one materal or phase.
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Prescribing fields using python

The initial value of a prognostic field and the value of a
prescribed field can be set in the GUI by specifying a
Python function:
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Python function syntax

The Python code provided to set a field must define a
function val whose arguments are a position vector X and
the time t. The function returns the field value at that point.
For example:

def va l (X, t ) :
from numpy import mat r i x
from math import s q r t
dx= ( mat r i x (X)−mat r i x ( ( 0 , 0 ) ) )
r = s q r t ( dx∗dx . T)
i f ( r <0 .25 ) :

return 1.0
else :

return 0
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Python for setting vector fields

The python function for setting a vector field naturally has to
return a vector quantity as in this routine for setting a
solenoidal velocity field:

def va l (X, t ) :
# R ig id r o t a t i o n about o r i g i n .
r e t u r n (X [ 1 ] , −X [ 0 ] )

Setting tensor valued fields from Python will be supported
when someone provides enough liquid bribes!
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Boundary regions

Mesh boundary regions are labelled. You can have any
number of these (in most mesh generators). Each
boundary condition for each mesh applies to a list of these.
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Setting boundary conditions

Each component of each boundary condition can be set as
a constant, a python function or as a generic function:
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Multiple material phases

Each material or phase is one material_phase. A
material_phase groups fields associated with one material
or phase:
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State of play

1. Vast majority of used options are in the schema.

2. Diamond is basically complete.

3. Some problems are known to run.

4. Boundary conditions are partially done (most existing functionality is
there).

5. Multimaterial works.

To do...

1. Parallel

2. Hexes

3. Multiphase

4. Radiation

5. Adjoint
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